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Wind tunnel tests were conducted on a scale model of a D5 bulldozer g
% . and an M109 Self-Propelled 155 MM Howitzer to determine the aerodynamic ®
; characteristics of these typical externally-suspended heavy 1lift heli-
_éé copter ~argo configurations. Tests were made over a large range of
;; pitch and yaw attitudes at a nominal Reynolds number per unit length
of 1.5X 106. This report presents the aerodynamic data obtained from
g the tests.
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INTRODUCTION

Operational requirements of heavy lift helicopters require the
transportation of large cargo items at moderately high speeds. The
aerodynamic characteristics of such externally-suspended cargo can
adversely affect the stability of the helicopter-sling cargo system.
A lack of experimental data on typical large cargo items seriously
hinders theoretical predictions of the effects of such configurations
on the performance and dynamics of the complete system.

Wind tunnel tests were made on a model of a D5 bulldozer and an
M109 Self-Propelled 155 MM Howitzer in the Army Air Mobility Research
and Development Laboratory 7X10 Foot Wind Tunnel. The purpose of this
report is to present the aerodynamic data obtained from tests on these

two models.

NOTATION

b span

c chord

CD drag coefficient, D/qS

CL  1lift coefficient, L/qS

CPM pitching moment coefficient, PM/qSc
CRM rolling moment coefficient, RM/qSb
CY side force coefficient, Y/qS

CYM yawing moment coefficient, YM/qSb

D drag force
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lift force
pitching moment
dynamic pressure
rolling moment
side force
yawing moment
pitch angle

yaw angle

Positive Directions as Shown
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DESCRIPTION OF MODELS

Two heavy 1lift helicopter externally-suspended cargo items repre-
sentative of those currently in wide use throughout the military
transport system were se ected for this wind tunnel investigation - a
D5 Bulldozer and an M109 Self-Propelled 155 MM Howitzer. Models of
these twe configurations were sized to maximize Reynolds number in the
test section for the full range of model pitch and yaw angles. The
bulldozer model, constructed with a detachable blade, was 1/5 sc ile;
the M109 model was 1/8 scale. Photographs of each model are presented
in Figures 1 and 2. The molels were sting mounted and, with the excep-
tion of the bulldozer/blade configuration, tested in both a forward and
reversed position. Model loads were measured using an internal strain
gage balance. Photographs showing the models mounted in the tunnel are

presented in Figures 3 and 4,

TEST AND PROCEDURES

The three D5 Bulldozer model configurations and the two M109 model
configurations tested in the 7X10 foot wind tunnel are shown in Figures
3 and 4, Except for two tests, the M109 model was tested without the
machine gun, Yaw attitude was varied using the tunael turntable svstem;
pitch attitude was varied using the pitching mechanism of the sting/strut
suppert system. Model aerodynamic loads were measured using an internal
strain gage balance; model moment reference center, as shown in Figure 5,

and strain gage balance center coincided.
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Except as noted, the tests were conducted at a nominal tunnel
dynamic pressure of 3591 N/m2 (75psf) with a corresponding Reynolds
number based on unit length of 1.5x106. Test data were taken varying
pitch attitude at constant angles of yaw through a yaw range of -90°
to 95°. Negative sting pitch angles were limited to -12° to avoid model-
strut interference effects due to proximity of the model with tihe strut.
The models, including strain gage balance, were rotated 180° on the sting
and tested in this inverted position to provide data through a model
pitch range of -40° to 40°. As a result of this inversion, two sets of
data were obtained in the -12° to 12° pitch attitude range.

Model configurations and attitudes were necessarily held to a mini-
mum on the following additional comparative-type tests. Tests withk the
machine gun mounted on the M109 model were limited to yaw attitudes of
0° and 90° and a pitch angle range of -12° to 40°. To provide an indica-
tion of Reynolds number effect the three forward model configurations were
tested at 1197 N/m2 (25psf) or a Reynolds number of 0.9x106 based on unit
length. These tests were made at a yaw attitude of 0° and through the
-12° to 40° pitch angle range. Two tests on the M109 forward configura-
tion were repeated at 0° and 90° yaw attitude through the -12° to 40°

pitch angle range for a check on data repeatability.

PRESENTATION OF DATA
The results of the tests on the models are presented in tabular form;
tables and model test attitudes are indexed in Table I.
Model aerodynamic data are presented as full scale asrodynamic
coefficients; these coefficients are based on unit values for chord,
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span, and area to facilitate, upon multiplication by the dynsmic pres-
sure, a direct conversion to the aerodynamic loads. The full scale
aerodynamic coefficients presented in the tables were obtained by multi-
plying the model force coefficients by the scale factor squared and
model moment coefficients by scale factor cubed. The appropriate con-
stants are listed below.
Model Force Data Moment Data

(scale factor)2 (scale factor)?
D5 Bulldozer 25.0 125.0
M109 64.0 512.0
Forces and moments are resolved with respect to wind axes; moments are
referenced to the moment refereace center shown in Figure 5. Data from
the additional tests (Tables VII, VIII, and IX) are presented, as the
aerodynamic coefficients and also include the incremental value between
these data and the comparative data from Tables II thru VI. The non-
aerodynamic shape of the model, insuing rough tunnel flow and model
vibrations resulted in a correspondingly large data repeatability
scatter band especially at the more extreme angles. Data from the
testa to evaluate the effect of Reynolds number and the effect of
machine gun were essentially lost in the data repeatability scatter
band. Since model testing positions were selected to exclude those
regions necessita*ing model-strut interference effect corrections, none
are accounted for in the data.

To provide a visual indication of the aerodynawmic characteristics
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of the five configurations tested, some data were selected from Tables

11 through VI and plctted. These data are presented in Figures 6 through
10. Parts (a) and (b) of each of these figures present the force and
moment cocfficients plotted againet pitch angle at 0 degrees yaw angle.
The force and moment coefficient variation with yaw angle are shown in

parts (c) and (d) for pitcn angles of -16, O, and 16 degrees.
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FIGURE 1.

(C) VIEW OF D5 BULLDOZER WITH BLADE
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(A) DS BULLDOZER MODEL FORWARD CONFIGURATION
: FIGURE 3. - D5 BULLDOZER MODEL CONFIGURATIONS MOUNTED IN TUNNEL.
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